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ABSTRACT
Background: Peccaries (Tayassu tajacu, Linnaeus, 1758) are wild suiformes that belong to the Tayassuidae family. Elec-
trocardiography is an important technique for cardiovascular evaluation. Analysis of various intervals, segments, complexes 
and waveforms of electrocardiographic (ECG) traces aids in the diagnosis of cardiac alterations and in the differentiation 
of congenital and acquired heart diseases from physiological cases. However, in wild animal medicine, the various patterns 
of normality and the evaluation of electrical traces associated with heart disease have not yet been sufficiently elucidated. 
The purpose of this study was to characterize the electrocardiographic (ECG) traces of peccaries sedated using ketamine 
and xylazine.
Materials, Methods & Results: Fourteen healthy adult animals that were subjected to digital ECG examination were 
used. Animals with evidence of systemic diseases, cardiovascular abnormalities (murmurs or arrhythmias), or any degree 
of valve insufficiency observed on echocardiogram and animals that exhibited excessive stress during the examination 
were excluded from the study. All animals presented with a normal sinus rhythm. A combination of 15 mg/kg of ketamine 
hydrochloride and 3 mg/kg of midazolam maleate was applied intramuscularly for chemical immobilization. The animals 
were manipulated after 15 min, when the onset of the anaesthetic effect was verified, for a duration of 45 min, and no 
reinforcement dose was necessary to complete the electrocardiographic examination.  No significant differences were 
observed in the P-wave duration, PR interval and QT interval between genders (P > 0.05). No significant differences were 
found between the amplitudes of the P and R waves between males and females (P > 0.05). The observed P waves were 
small, monophasic and positive. The QRS complex was positive in the DI, DII, DIII, aVF, V4 and V10 derivations and 
negative in the aVR, aVL, V1 and V2 derivations. In 71% of the animals, the T wave showed negative polarity in the DI, 
DII, DIII, aVL, aVF, and V10 derivations and positive polarity in the aVR, V1, V2 and V4 derivations. The ST segment 
was isoelectric in 100% of the animals. GraphPad Prism 7 (La Jolla, CA, USA) software was used to analyze the data, 
with non-parametric tests used to test for differences in the variables between the sexes. In these tests, a P-value of 0.05 
was considered to indicate statistical significance.
Discussion: Although studies on the cardiac electrophysiology of wild animals have previously shown good results for 
several species, this is the first study concerning the standardization ECG traces for peccaries. However, due to the wild 
nature of these animals, their manipulation for handling and data collection purposes is only feasible under chemical 
containment, although other studies have used non-anaesthetized agoutis. It is not known to what extent these results may 
have been influenced by the effects of stress. Drugs used for this function may have direct effects on cardiac function. 
Therefore, the presumed normal ECG values, as well as the recognition of changes due to drug or iatrogenic interactions, 
are of fundamental importance.  This protocol provided high-quality anaesthetized peccary ECG traces, allowing reliable 
measurements of waves and intervals and assessment of the cardiac rhythm and heart rate. The surface registry digital 
ECG recording technique used with chemical containment allowed good monitoring and rapid acquisition and was well 
tolerated by the animals.  
Keywords: wild animals, cardiology, anesthesia, Tayassuidae, heart.
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INTRODUCTION
Peccaries (Tayassu tajacu, Linnaeus, 1758) 
are wild suiformes that belong to the Tayassuidae fam-
ily and have similarities to domestic pigs [2,4,17,25]. 
When treated improperly, peccaries often exhibit clinical 
changes compatible with stress, and cases of death are 
not rare [3,19]. However, basic information about the 
cardiovascular physiology of wild species is lacking, 
which indicates the importance of the standardization of 
values of normal cardiovascular function for this group 
of animals to perform adequate monitoring as well as 
the selection of the ideal drug for this purpose [1].
Among the drugs of choice, ketamine has 
shown satisfactory results for the containment of wild 
animals due to its high lethal dose [7,13,14]. However, 
it should be used with other drugs, such as alpha-2 
agonists or benzodiazepines [15,28]. In peccaries, 
this combination has shown good results due to the 
elimination of stressors [3]. 
Electrocardiography is an important technique for 
cardiovascular evaluation, specifically for the identification 
and qualification of arrhythmias. However, in wild animal 
medicine, the various patterns of normality and the evalu-
ation of electrical traces associated with heart disease have 
not yet been sufficiently elucidated [11,23] and descriptive 
studies on the ECG trace profile of these animals, obtained 
under sedation, have not been reported to date.
Due to the necessity of chemical restraint and 
the importance of knowing the cardiovascular effects 
for correct use of anaesthetic protocols in medical clin-
ics for wild animals, this study aimed to characterize 
the ECG traces of chemically contained peccaries using 
a combination of ketamine and xylazine.
MATERIALS AND METHODS
Animals
Fourteen healthy peccaries (Tayassu tajacu) 
were obtained from the Center for the Study and Pres-
ervation of Wild Animals - NEPAS, Federal University 
of Piauí CCA/UFPI, Teresina, PI. The animals were 
divided in two groups, the first consisting of 8 males 
and the second consisting of 6 females; all animals 
were adults with an average age of four years and 
weights between 17.5 and 19.3 kg. These animals 
were fed twice daily with a commercial diet for pigs, 
containing 18% crude protein and various vegetables 
as a source of fibre, energy, minerals and water, and 
had ad libitum access to the feed.
Subjects with an unremarkable clinical history 
and physical examination were included in the study. The 
cardiovascular and respiratory systems were inspected by 
auscultation of the heart valves and lung fields. The time of 
capillary perfusion and the diagnosis of dehydration were 
also evaluated by hemodynamic investigation. Echocar-
diography examination was performed by a single, expe-
rienced examiner (Ph.D. in diagnostic imaging). Animals 
with evidence of cardiovascular abnormalities (murmurs or 
arrhythmias), or any degree of valve insufficiency observed 
on echocardiogram were excluded from the study.
Inclusion and exclusion criteria
Subjects with an unremarkable clinical history 
and physical examination were included in the study. 
The cardiovascular and respiratory systems were in-
spected by auscultation of the heart valves and lung 
fields. The time of capillary perfusion and the diagnosis 
of dehydration were also evaluated by hemodynamic 
investigation. Systemic infectious processes were evalu-
ated by palpating the peripheral lymph nodes (subman-
dibular, cervical, and popliteal), abdominal palpation, 
and temperature measurement. In addition, all of the 
animals were subjected to blood, biochemical, and elec-
trolyte tests. Animals with evidence of systemic diseases, 
cardiovascular abnormalities (murmurs or arrhythmias), 
or any degree of valve insufficiency observed on echo-
cardiogram and animals that exhibited excessive stress 
during the examination were excluded from the study.
Anesthetic protocol
The animals were fasted from food for 12 h 
and water for 3 h and captured in their enclosures with 
hand nets. A combination of 15 mg/kg of ketamine hy-
drochloride1 and 3 mg/kg of midazolam maleate2 was 
applied intramuscularly for chemical immobilization. 
The animals were manipulated after 15 min, when the 
onset of the anaesthetic effect was verified, for a duration 
of 45 min, and no reinforcement dose was necessary to 
complete the electrocardiographic examination.
Computerized electrocardiography
 To perform the tests, the animals were posi-
tioned in the right lateral decubitus position, with the 
parallel limbs extended and perpendicular to the long 
axis of the body, on a table with a rubber insulating 
surface to avoid interference.
The ECG exams were performed using a 
computerized method for digital veterinary electrocar-
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diography (Electrocardiogram Acquisition Module for 
the Computer (ECG-PC Windows 95 version)3 with 
10 derivations (DI, DII, DIII, aVL, aVF, aVR, V1, 
V2, V4 V10), consisting of an electronic circuit con-
nected externally to a laptop and software installed on 
the hard disk of a computer. After the examination, the 
results for each animal were analysed, and the wave 
measurements were made on the computer. The heart 
rate (HR) was measured in the ECG trace.
The electrodes were specifically distributed 
throughout the body of the animal in standardized com-
binations, according to the methodology described by 
Tilley [30], to yield standard ECG derivations, which 
were obtained through the potential difference between 
the electrodes. After automatic capture performed by 
the software, the measurements of the durations and 
amplitudes of the complete P-QRS-T were performed 
manually. 
The right and left thoracic electrodes were 
positioned above the olecranon in the caudal aspect, 
and the right and left pelvic electrodes were positioned 
above the patellar ligaments in the cranial aspect of 
each limb. The speed used for the registers was 25 
mm/s, with a voltage calibration of 1 cm for each mil-
livolt (1 mV = 1 cm).
The aspects evaluated included the HR, dura-
tion in milliseconds (ms) and amplitude in mV of the 
P wave, PR interval, QRS complex, amplitude of the 
R wave, ST segment levelling, QT interval, corrected 
QT interval, QT/RR ratio and T wave polarity and 
amplitude, which were all analysed in bipolar deriva-
tion II (DII). The measurement of the cardiac electrical 
axis in degrees (°) of the QRS was made considering 
the algebraic sum of the QRS deflections in the DI and 
DIII derivations, as previously described by Tilley [30].
Statistical analysis
GraphPad Prism 7 (La Jolla, CA, USA) soft-
ware was used to analyze the data, with non-parametric 
Wilcoxon-Mann-Whitney (Mann-Whitney U) tests 
used to test for differences in the variables between the 
sexes. The Spearman rank correlation coefficient was 
used to assess dependence. In these tests, a P-value of 
0.05 was considered to indicate statistical significance.
RESULTS
Table 1 shows the mean and standard deviation 
of the results for P wave duration and amplitude, QRS 
complex duration, QT interval, corrected QT interval, 
PR interval, R and T wave amplitudes for male and 
females. Table 2 presents the mean and standard de-
viation of the HR values in beats per minute (bpm), 
weight in kilograms (kg) and age in years of the male 
and female peccaries studied here. The QT/RR ratio 
showed poor correlation (r= - 170, P = 0.561). Identical 
letters in the same column indicate that no significant 
differences were observed (P > 0.05) for the studied 
variables when males and females were compared.
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Table 2. Means and standard deviations of the heart rate values in beats per minute (bpm), weights (kg) and ages of 14 male and female 
peccaries (Tayassu tajacu) chemically contained with ketamine and xylazine. The parameters were recorded in derivation DII at a 
velocity of 25 mm/s and in N-mode (Teresina, Piauí, Brazil, 2017).
Sex HR (bpm) Weight (kg) Age (Years)
Male 104.5 ± 16.0a 18.4 ± 0.18a 4.0 ± 1a
Female 94.4 ± 23.21a 17.9 ± 0.28a 4.3 ± 1a
*Means marked with the same letter in the same column are not significantly. 
Normal sinus rhythms were found in all study 
animals (Figure 1). One animal from the male group 
presented five premature ventricular complexes (PVC) 
throughout the examination. The animal was replaced 
by an animal that did not show changes during the ex-
amination to maintain homogeneity of the sample. The 
animal who manifested the ectopic beats was monitored 
and appropriately treated with an antiarrhythmic drug 
of choice (Sotalol® 2.0 mg/kg IV)4, with complete 
resolution of the arrhythmia 3 min after intravenous 
infusion. The protocol provided high quality ECG 
traces of anaesthetized peccaries with reliable waves and 
interval measurements, allowing evaluation of the HR 
and frequency. Difficulties in the measurements due to 
breathing artefacts, muscle tremors or poorly captured 
complexes did not occur in any examination.
Figure 1. Normal digital electrocardiographic tracing recorded in 25 mm/s from healthy adult peccaries (Tayassu tajacu) chemically contained 
with ketamine and xylazine. A- Sinus rhythm, P wave, QRS complex and T wave (positive polarity) observed in males. B- Sinus rhythm, P 
wave, QRS complex and T wave (positive polarity) observed in females.  
Regarding the duration parameters (measured 
in ms), no significant differences were observed in the 
P wave duration, PR interval and QT interval between 
genders. For the amplitude parameters, no significant 
differences were found in the amplitude of the P and 
R waves between males and females. The observed P 
waves were small, monophasic and positive in the DI, 
DII, aVL, aVF, V2 and V4 derivations and negative in 
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the DIII, AVR, V1 and V10 derivations for males and 
females. The QRS complex was positive in the DI, DII, 
DIII, aVF, V4 and V10 derivations and negative in the 
aVR, aVL, V1 and V2 derivations (Figure 2).
In 10 animals, the T wave showed negative 
polarity in the DI, DII, DIII, aVL, aVF, and V10 leads 
and positive polarity in the aVR, V1 (rV2), V2 and V4 
derivations, and no significant difference was observed 
between the genders regarding the amplitude of this 
wave. The ST segment was isoelectric for all animals, 
in both the male and female groups, without the pres-
ence of depression or elevation (Figure 2). 
The HR mean, tended to be higher in males, 
however, did not present significant statistical differ-
ences compared to that of females.
The cardiac electrical axis (EEC) showed 
variations between the individuals. In 10 animals the 
cardiac electrical axis varied between 7° and 115° 
(Figure 3A), while in 4 animals, between -7° and -150° 
(Figure 3B).
Figure 2. Normal digital electrocardiographic tracing recorded in 25 mm/s and from healthy peccaries (Tayassu tajacu) chemically 
contained with ketamine and xylazine. Note the QRS complex was positive in the DI, DII, DIII, aVF, V4 and V10 derivations and 
negative in the aVR, aVL, V1 and V2 derivations.
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Figure 3. The cardiac electrical axis (EEC) showed variations between the individuals from healthy peccaries (Tayassu tajacu) 
chemically contained with ketamine and xylazine. A- In 10 animals the cardiac electrical axis varied between 7° and 115°. B- In 
4 animals, between -7° and -150°.
DISCUSSION
Although studies on the cardiac electrophysiol-
ogy of wild animals have previously shown good results 
for several species [13], this is the first study concerning 
the standardization ECG traces for peccaries (Tayassu 
tajacu). However, due to the wild nature of these ani-
mals, their manipulation for handling and data collection 
purposes is only feasible under chemical containment, al-
though other studies have used non-anaesthetized agoutis 
[8]. It is not known to what extent these results may have 
been influenced by the effects of stress [2]. Drugs used for 
this function may have direct effects on cardiac function. 
Therefore, the presumed normal ECG values, as well 
as the recognition of changes due to drug or iatrogenic 
interactions, are of fundamental importance [7].
The HR values found in this study were similar 
to the findings for pigs (Sus scrofa domestica), guinea 
pigs and peccaries [3,32,33]. Although they belong 
to different families, domestic pigs and peccaries are 
physically similar [4], justifying the similarity in HR 
values among these species. Factors such as age, body 
position, functional capacity and subspecies differ-
ences may also affect HR values. The standardized 
positioning, the similarity of characteristics between 
males and females and the similarity of the ages of 
the animals may explain the lack of significant dif-
ferences between males and females in relation to the 
HR [20].  Only a few publications have described the 
normal ECG of pig breeds. Specifically, fours study of 
conventional and miniature pigs obtained varied ECG 
values and patterns, possibly related to differences in 
the breeds, ages, and body weight. 
The morphology of the ECG traces measured 
in the DII derivation of peccaries, since the patterns of 
measurement and analysis of QRS morphology were 
best established in this derivation [30]. Despite a few 
references to ECG patterns, in pigs and Göttingen 
minipigs was observed QRS measurements (mean 
duration of 36 ms and amplitude of 0.9 mV) and QT 
interval (252 ms) similar to those found in this study, 
although we performed our evaluations in anesthe-
tized animals [23]. Similarly, comparing our results 
with one of the first studies using awake conventional 
pigs, QRS duration (mean of 37 ms) and QT interval 
(218 ms) values were also concordant with results for 
anesthetized peccaries [10].
The present study evidenced a great variation 
of the QRS patterns in the studied derivations. This 
variation has also been reported in pigs [10,32] and 
in small ruminants [21]. These studies attributed this 
variability of wave deflections to changes in cardiac 
topography relative to the chest, as well as differences 
in the ventricular activation mechanism. As observed 
in horses, cattle, pigs and sheep, ventricular activation 
seems to occur in two “fronts” of depolarization that 
begins at the apex of the left ventricle, with terminal 
depolarization in the middle third and basilar of the 
interventricular septum, showing an apicobasilar direc-
tion, where the left ventricle is activated simultaneously 
in a subepicardial to epicardial direction. The QT/RR 
ratio showed a weak correlation, although in other spe-
cies of ungulates, such as the equine, a significantly 
strong relation was found [26]. A human study has 
shown that the QT/RR ratio exhibits a high degree of 
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intersubjective variability and may present a linear 
pattern for some healthy individuals and non-linear for 
others [27]. In a more in-depth analysis it is believed 
that QT/RR adaptation may depend on the complex 
interaction of individual ion channels that maintain 
the potential for action of ventricular myocytes [24].
The P wave was positive in the DII derivation in 
all animals, ranging from 39.2 to 42.75 ms in duration. 
These findings were similar to those observed in con-
ventional minipigs and pigs which was within the range 
considered normal [10,32]. The PR interval ranged from 
114 to 119.12 ms. Similarly, it was described a PR interval 
varying between 88-101 ms in minipigs. The statistical 
similarities between males and females have also been 
reported previously on conventional swine and minipigs. 
Allied to this, in this experiment the anaesthetic protocol 
did not result in variations in vagal tonus, which may 
cause slight variations in this interval [10,22]. 
The T wave did not show great variability in its 
shape and polarity, unlike the findings found in some 
species [9]. Although some studies have suggested 
that the position of the electrode in the patients thorax 
may affect T-wave polarity [10], standardization of the 
position of the electrodes used in this experiment [30] 
did not show variability in T-wave polarity, which was 
also observed in Goettingen minipigs [22,32].
An inverted polarity of the T wave was ob-
served in the studied peccaries. Likewise, this con-
figuration was observed in dogs and horses [11]. A 
morphological study of the cardiac conduction system 
has shown that, in ungulates, Purkinje fibers that reach 
the endocardium can penetrate the myocardium. As in 
dogs, the T wave in the peccaries may develop a uni-
directional transmural gradient, the inner wall is more 
negative than the outer wall, leading one to believe that 
the repolarization sequence occurs from the epicardium 
to the endocardium [29].
It is important to emphasize that, unlike our 
study, all previous studies were performed with animals 
awake, without the action of sedatives or anesthetics. 
Nevertheless, the anesthetic association employed did 
not produce cardiac electrical conduction alterations 
(alteration of repolarization), showing QT and QTc 
intervals similar to those reported for pigs, although 
xylazine can also trigger heart-related alterations, such 
as arrhythmias and an atrioventricular block [9,16,]. 
The T wave of females in this experiment 
corresponded to approximately 23% of the amplitude 
of the previous R wave, whereas for males deeper T 
waves (> 25% of R wave amplitude) were produced. 
This relationship is widely studied in dogs, cats and 
humans, and normal T-wave values are considered to 
be approximately 25% to 35% of the R wave value 
in these species. If these percentages are higher, 
myocardial hypoxia or electrolyte imbalances may 
be suspected [30]. Male peccaries appear to have 
had greater anesthetic influence when compared to 
females. Myocardial ischaemia is more common and 
better tolerated in animals than in humans and may 
be due to factors that lead to an increased HR or the 
use of drugs such as ketamine, as described in studies 
with primates [5] and dogs [6]. 
The QT interval ranged from 235.4 to 237.75, 
with no significant difference between genderswhich 
was similar to that found for dogs, conventional swine 
and minipigs [30]. Variations of the QT interval may be 
caused by changes in the HR or due to varying degrees 
of anaesthetic depth. Widening or narrowing of this 
range is associated with electrolyte imbalances, con-
duction disturbances, and hypothermia. However, all 
the peccaries were normothermic during the examina-
tions and did not present clinical signs of dehydration, 
and the values measured for this interval were likely 
normal for the species. 
The electric axis was a highly variable pa-
rameter among all animals of the experiment, as 
has been observed in several species of monkeys 
[5,16,18,27,31], as well as in conventional pigs and 
minipigs [32,33].
The present study aimed at the preliminary ac-
quisition of electrocardiographic values for peccaries. 
To the best of our knowledge, this is the first work that 
demonstrates the cardiac electrical behavior of this 
species after anesthesia. We recognize as a limitation 
the reduced sample of animals used in this study. In 
addition to this, it is known that the anesthetic effect 
provides some interference in the cardiovascular activ-
ity of these animals. Despite this, due to the hostility 
of the species, in addition to excessive stress, which in 
some cases may have fatal repercussions, these animals 
can only be managed under chemical containment, 
and although this happens frequently in our routine 
with wild animals, there was still no information on 
the cardiovascular response of these animals under 
anesthesia. Thus, the study model took into account 
the most commonly used anesthetic association in 
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the NEPPAS-UFPI, at the Wildlife Screening Centers 
(CETAS) and Zoos of the Northeast of Brazil, for the 
containment of this species. Another point of difficulty 
would be the scarcity of scientific literature on nearby 
species, such as the swine, that allows discussion un-
der the subject in a consistent manner. However, we 
believe that from an initial perspective, these results 
may be of great value during the clinical and surgical 
management of this species. 
CONCLUSION
The surface registry digital ECG recording 
technique with chemical containment allowed good 
monitoring and rapid acquisition and was well toler-
ated by the animals; significant ECG interference was 
not triggered by the metabolic effect of the anaesthetic 
protocol. This allowed the reliable acquisition of data 
and the establishment of ECG parameters in peccaries 
sedated with ketamine and xylazine.
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